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Luminal signal in tubuloglomerular feedback: What about potas-
sium? Evidence suggests that a minimal luminal [K1] is required
to elicit a full tubuloglomerular feedback (TGF) response, con-
sistent with transmission of the TGF signal across the macula
densa (MD) via the Na1-2Cl2-K1 cotransporter. Furthermore, it
appears that luminal [K1] at the MD is close to the K1 affinity of
the Na1-2Cl2-K1 cotransporter and changes in response to
altering late proximal tubular flow rate (VLP), that is, a maneuver
that induces a TGF response. These findings suggest that luminal
[K1] (besides [Cl2]) could be rate limiting in TGF. In the thick
ascending limb of Henle’s loop (TALH), most of the luminal K1
is derived from recycling across the apical tubular membrane.
Because changing VLP causes relatively greater alterations in the
absolute Na1 and Cl2 delivery to Henle’s loop than in K1 load,
the parallel changes of VLP and luminal [K1] at the MD, despite
significant alteration in K1-dependent reabsorption of Na1 and
Cl2 via the Na1-2Cl2-K1 cotransporter, imply a transport-
dependent adaptation of K1 recycling in TALH.
The term tubuloglomerular feedback (TGF) refers to a
series of events whereby changes in the composition of
tubular fluid at the end of the thick ascending limb of
Henle’s loop (TALH) are sensed by the macula densa
(MD), which then causes reciprocal changes in single-
nephron glomerular filtration rate (SNGFR). The net
effect of this negative feedback mechanism is relative
constancy of fluid and electrolyte delivery to the distal
nephron, which then allows fine adjustment of reabsorption
and excretion according to hormonal stimulation reflecting
body needs. By adjusting SNGFR to keep early distal
tubular fluid and electrolyte delivery constant, the TGF
mechanism also effectively buffers the effect of hemody-
namic fluctuations on SNGFR. The cellular events involved
in transduction of the TGF signal have not been elucidated
fully, but transport across the luminal membrane of the
MD by a Na1-2Cl2-K1 cotransporter is probably the
critical first step [1]. The latter implies a potential role for
luminal Na1, Cl2, and K1 in TGF.
ROLE OF LUMINAL NA1 AND CL- IN
TUBULOGLOMERULAR FEEDBACK
Previous studies document the importance of luminal
Na1 and Cl2 in TGF [2, 3]. Of the two, Cl2 appears to be
rate limiting for cotransporter activity because the ambient
[Cl2] at the MD (20 to 35 mM) is similar to the affinity of
the transporter (;50 mM), whereas the [Na1] (15 to 30
mM) appears to be much higher than the affinity (;2 to 3
mM) [4].
ROLE OF LUMINAL K1 IN TUBULOGLOMERULAR
FEEDBACK
Reabsorption of Na1 and Cl2 in TALH occurs via
Na1-2Cl2-K1 cotransport and requires a minimum luminal
[K1] [5]. Because of the analogy of NaCl reabsorption in
MD and TALH, luminal K1 might be required for Na1-
2Cl2-K1 cotransport in the MD. Previous studies employ-
ing retrograde in situ microperfusion of the MD found the
TGF response to be unaltered with solutions that were K1
free [3], suggesting that luminal K1 is not a prerequisite for
TGF. However, sufficiently high amounts of K1 may gain
access to the perfusate between the perfusion site and the
MD to satisfy the K1 requirements of the Na1-2Cl2-K1
cotransporter.
Therefore, we studied the requirement of luminal K1 for
TGF, using the K1 channel blocker U37883A as a means of
reducing K1 influx into the lumen between the early distal
tubular perfusion site and the MD in nephrons with
superficial glomeruli in Munich-Wistar-Fro¨mter rats [6].
Assessing TGF response as the fall in SNGFR in response
to retrograde perfusion of the MD from an early distal
tubular site, addition of U37883A to the K1-free perfusate
significantly attenuated TGF. Because adding 5 mM KCl to
the perfusate restored TGF in the presence of U37883A
and the inhibitory action of U37883A on K1 influx into the
tubular lumen could be confirmed, the effect of U37883A
on TGF probably resulted from decreasing luminal [K1]
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concentration at the MD. These findings suggest that a
minimal [K1] must be present in the tubular lumen to elicit
a full TGF response. Interestingly, Schnermann recently
reported that low concentrations of the K1 channel blocker
Ba21 partially inhibit the TGF response during retrograde
perfusion of the MD [7], a finding basically consistent with
a role of luminal K1 in TGF. Such a role for luminal K1 in
TGF would not interfere with regulation of K1 balance
because the latter is established in further downstream
segments of the nephron.
For luminal K1 to play a rate-limiting, rather than just
permissive, role in TGF, ambient [K1] at the MD should be
close to the K1 affinity of the Na1-2Cl2-K1 cotransporter
and should also be altered by changes in late proximal
tubular flow rate (VLP), that is, a maneuver that is known
to induce a TGF response. In nephrons with superficial
glomeruli, we found that ambient early distal tubular [K1]
was about 1.3 mM [6], which is close to the K1 affinity of the
Na1-2Cl2-K1 cotransporter in TALH, which was reported
to be about 1 to 2 mM [8]. Because there is little or no water
absorption and K1 secretion in the segment between the
MD and the early distal tubule [9], ambient [K1] at the MD
may be similar. In addition, changing VLP under open- or
closed-loop conditions not only changes early distal tubular
flow rate and [Na1], but also causes comparable fractional
changes in [K1] [6].
K1-RECYCLING, TUBULAR REABSORPTION, AND
TUBULOGLOMERULAR FEEDBACK
The mechanism(s) by which a change in VLP causes
parallel changes in early distal [K1], however, remains
unclear. Because of the discrepancy in the amounts of Na1
and K1 delivered from the glomerular filtrate, most of the
luminal K1 in the TALH is derived from recycling across
the apical tubular epithelial membrane [5, 8]. Because
changing VLP causes relatively greater alterations in the
absolute Na1 and Cl2 delivery to Henle’s loop than in K1
load, the observed changes in early distal tubular [K1] in
spite of significant alteration in K1-dependent reabsorp-
tion of Na1 and Cl2 may require adaptation of K1
recycling. As shown previously for the proximal tubule [10],
adenosine triphosphate (ATP)-sensitive K1 channels in
TALH, which are thought to contribute to K1 recycling at
this site [11], may be coupled to Na1-K1-ATPase activity
by the intracellular phosphorylation potential ([ATP]/
[ADP][Pi]) (see Fig. 1).
In summary, evidence suggests that the TGF signal
comprises, in part, luminal K1. Recycling of K1, varying
Fig. 1. K1-recycling, tubular reabsorption, and tubuloglomerular feedback. Changing late proximal tubular flow rate (VLP) alters predominantly the
load of Na1 and Cl2 to the thick ascending limb of Henle’s loop (TALH) with minor changes in K1 delivery. The observed changes in early distal tubular
[K1] despite significant alteration in K1-dependent reabsorption of Na1 and Cl2 (indicated by line thickness) may reflect adaptation of K1 recycling:
adenosine triphosphate (ATP)-sensitive K1 channels (KATP), varying their activity according to the transport-dependent metabolic status of TALH, may
contribute to load-dependent tubular reabsorption and macula densa control of single-nephron glomerular filtration rate (SNGFR).
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according to the transport-dependent metabolic status of
TALH, could contribute not only to load-dependent reab-
sorption at this tubular site, but also to macula densa
control of glomerular filtration.
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APPENDIX
Abbreviations used in this article are: ATP, adenosine triphosphate;
MD, macula densa; SNGFR, single-nephron glomerular filtration rate;
TALH, thick ascending limb of Henle’s loop; TGF, tubuloglomerular
feedback; VLP, late proximal tubular flow rate.
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